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ABSTRACT The antennal sensilla of the emerald ash borer, Agrilus planipennis Fairmaire (Co-
leoptera: Buprestidae), were examined using scanning and transmission electron microscopy. Male
and female antennae have a scape, pedicel, and nine flagellomeres. Both male and female antennae
share five sensillum types: sensilla chaetica (mechanoreceptors), three types of sensilla basiconica
(olfactory), and uniporous gustatory/taste sensilla. Apical depressions containing large sensory fields
of uniporous sensilla were seen on the eight most distal flagellomeres of both sexes. Counts of sensillum
types showed that males possessed significantly more uniporous sensilla than females. We hypothesize
that antennal contact is important for mate recognition by male A. planipennis. The distal apices of
the eight outer flagellomeres were seen to have “tufts” composed of two types of sensilla basiconica.
A third type of sensilla basiconica was observed within the perimeter of the uniporous sensory fields.

The structure and putative function of each sensillum type are discussed.
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The emerald ash borer, Agrilus planipennis Fairmaire
(Coleoptera: Buprestidae), is native to eastern Asia. It
was found attacking ash (Oleaceae, Fraxinus spp.) in
Detroit, MI, and Windsor, ON, Canada in 2002 (Haack
et al. 2002). Since these initial detections, it has be-
come a serious pest and has subsequently been found
in Ohio and Maryland (2003), Indiana (2004), Illinois
(2006), and Pennsylvania and West Virginia (2008;
http:/ /www.emeraldashborer.info). The life cycle of
emerald ash borer within the United States seems to
be similar to that described by Chinese scientists (Chi-
nese Academy of Science, Institute of Zoology 1986,
Yu 1992) and has been recently summarized by Poland
and McCullough (2006a).

Being a relatively new invasive pest to North Amer-
ica and a minor pest within its native eastern Asia
range (Yu 1992), there are few studies examining the
chemical ecology of A. planipennis. Recent studies
(Rodriguez-Saona et al. 2006; Crook et al. 2006, 2008)
have begun to elucidate tree-insect interactions with
respect to both leaf and bark volatiles. There is currently
no evidence that A. planipennis has an attractive long-
range sex pheromone (Otis et al. 2005). Recent behav-
ioral studies have shown that A. planipennis males find
potential mates using visual rather than long-range ol-
factory cues (Lelito et al. 2007). This is also true for other
buprestid species that have been studied (Carlson and
Knight 1969, Gwynne and Rentz 1983).
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The purpose of this study was to describe the types
and distribution of sensilla of A. planipennis as a basis
for further studies on the chemical ecology of this
important invasive pest species.

Materials and Methods

Insects. Ash bark containing A. planipennis prepu-
pae was collected in July 2005 from a site in the
Whitmore Lake area of Michigan, where infested
wood (brought in from the surrounding area) was
processed and disposed. The infested bark was then
taken to the USDA laboratory in Brighton, MI, where
it was stored in a refrigerator unit at 5°C to suspend
beetle development until adults were required. Late-
instar larvae and pupae were carefully extracted from
the outer bark before being shipped to the USDA
APHIS, PPQ, CPHST lab at Otis ANGB, MA. Pupae
were kept in a dark container at room temperature
until they emerged 3 to 4 wk later. Adults were then
fed fresh evergreen ash (Fraxinus uhdei) foliage in
plastic 480-ml. drink cups (Solo, Urbana, IL), with
water in 30 ml plastic cups fitted with a wick. Insects
were fed for ten days before they were frozen and
prepared for examination.

Scanning Electron Microscope Preparation. Iso-
lated heads were mounted on specimen stubs with
silver adhesive and coated in a Tousimis Samsputter 2a
(Tousimis Research, Rockville, MD) with gold/palla-
dium three times for 1 min. Specimens were rotated
between each run to distribute coating equally and
reduce subsequent charging. Specimens were coated
without using freeze drying or critical point drying
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Fig.1. Auto-montage (Syncroscopy) image of adult male
A. planipennis showing typical alignment of antenna in rela-
tion to head.

techniques as these methods damage the antennal
sensilla. Five beetles of each sex were examined with a
JEOL JSM-840 scanning electron microscope (JEOL,
Peabody, MA) at an accelerating voltage of 15 kV.
Transmission Electron Microscope (TEM) Prepa-
ration. Whole antennae were individually fixed for 1 h
in 2.5% glutaraldehyde buffered in 0.13 M Millonig’s
phosphate buffer. The antennae were then washed in
buffer, postfixed in aqueous 1% osmium tetroxide
(0s0,) for 2 h, dehydrated in a series of alcohols, and
embedded in araldite epoxy resin for 24 h at 65°C.
Silver sections were cut using a diamond knife (Di-
atome, EMS, Hatfield, PA), picked up on grids, stained
with uranyl acetate and lead citrate, and examined on
a 10CA TEM (Carl Zeiss Inc., Thornwood, NY). Mi-
crographs were recorded with an AMT camera (Ad-
vanced Microscopy Techniques, Danvers, MA).

Results

Male and female antennae are almost identical in
their size and structural configuration. Unless stated
otherwise, the following description of the antennal
morphology applies to both sexes. The antennae are
situated between the compound eyes and curve down
ventrally (Fig. 1). When stressed, the insect can rotate
the antennae around its axis so that its curved shape
lies dorsally flat over the back of the head. The curved
antennae have 11 antennomeres. The first most prox-
imal antennomere is the scape, which attaches the
antenna to the head. This is followed by the pedicel
and nine flagellomeres. These nine flagellomeres
make up what is commonly referred to as the “anten-
nal flagellum.” Antennae look serrated due to the bi-
laterally flattened triangular shape of the most distal
eight flagellomeres (Fig. 2). Total male length (n = 3)
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Fig. 2. Scanning electron micrograph of A. planipennis
antenna (female). S, scape; P, pedicel.

was 2,320 = 25.16 wm compared with 2,381 = 64.62 um
for the female (n = 5). The scape is the longest part
of the antenna, measuring 273 = 12 and 332 *+ 8 um
for the male and female, respectively. The pedicel
measures 220 = 0 wm for the male and 235 * 12.6 um
for the female. Flagellomeres are similar in shape, but
the most distal eight, become progressively smaller to-
ward the tip of the antenna (Fig. 2). The most proximal
of these eight flagellomeres measures 243 = 6.6 um for
male and 263 = 11.13 um for female antennae. The most
proximal “tip” measures 170 = 0 wm on male and 165 =
11.8 wm on female antennae, respectively.

Types of Sensilla

Sensilla morphology is based upon common termi-
nology used by Altner and Prillinger (1980) and Za-
charuk (1980). Male and female antennae have five
different types of sensilla; sensilla chaetica, sensilla
basiconica (three types), and uniporous sensilla. Dis-
tributions and mean counts of all sensilla types on both
male and female antennae are shown in Table 1.

Aporous Mechanoreceptor (Sensilla Chaetica).
These sensilla are present along the entire length of
the antennae of both male and female A. planipennis.
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Table 1. Distribution and mean numbers (SD) of sensilla on the antennae of male A. plannipennis (n = 5)
Uniporous Sensilla Sensilla basiconica Sensilla basiconica Sensilla chaeti

chemoreceptors basiconica type I type II type IIT ensiiia chaetica

Female Male Female Male Female Male Female Male Female Male

(Scape) 0 0 0 0 0 0 0 0 21 (6) 19 (1)
(Pedicel) 0 0 0 0 0 0 0 0 37 (9) 36 (5)
1 0 0 0 0 0 0 0 35 (7) 38 (4)
2 72 (14) 112 (15)*" 2(2) 1(1) 7(2) 8 (1) 10 (2) 10 (3) 48 (7) 42 (4)
3 98 (13) 137 (34 3(3) 3(1) 10 (2) 8(2) 12 (2) 13 (2) 46 (6) 41 (4)
4 137 (16) 195 (18)* 6 (2) 5 (1) 10 (2) 9 (1) 10 (2) 13 (1)* 45 (6) 40 (4)
5 152 (21) 204 (30)* 7(2) 4(1) 10 (2) 8 (1) 11 (4) 14 (3) 43 (3) 43 (3)
6 151 (26) 186 (43 9(3) 7(2) 10 (1) 10 (1) 10 (3) 13 (2) 41 (2) 37 (4)
7 178 (26) 231 (20)* 8 (2)* 5 (2) 10 (3) 12 (1) 14 (6) 17 (5) 42 (3) 38 (7)
8 157 (21) 199 (19)* 9 (4) 6 (1) 10 (1) 12 (2) 10 (3) 16 (2)* 40 (3) 35 (6)
9 136 (37) 119 (20 9 (4) 6(2) 11 (6) 18(2)  22(11) 21 (4) 41 (3) 38 (5)

“ Asterisk (*) Indicates a significant difference in the number of sensilla between the sexes (P < 0.05; t-test).

They seem evenly distributed around the circumference
of each flagellomere. These sensilla each have a mem-
branous base and longitudinal ridges that run along their
length to the tip (Figs. 3and 4). These sensilla are usually
~65 um in length (ranging between 35 and 140 wm) and
are found in equal numbers (P > 0.05; t-test) on both
male and female antennae (Table 1). The longer sensilla
are located on the scape and may regulate movement/
rotation of the entire antenna.

In section (Figs. 5 and 6) sensilla chaetica have a
nonperforated wall and a single sensory neuron, the
dendrite of which terminates in the form of a tubular
body, at the side of the sensillum base. The tubular
body (a mass of microtubules within an electron-
dense material) represents the end of the sensory
dendrite and interacts with the inner portion of the
socket base.

Uniporous (Gustatory/Taste) Sensilla. These sen-
silla are short, smooth sided pegs ~7-8 wm in length
and 2 wm in diameter, with no distinct socket at their
base. They are located within a crater like depression
located on the distal surface of the outermost eight

Fig. 3. Scanning electron micrograph of the three most
distal antennal flagellomeres of a male A. planipennis an-
tenna. White arrows indicate apical depressions or pits filled
with numerous uniporous sensilla. Apical tufts of sensilla
basiconica types II and III (B) sensilla chaetica (SC).

flagellar subsegments (Fig. 7). Between 57 and 258
of these short structures are in each depression, giving
these outer eight segments a “brush-like” appearance.
These sensilla possess a single, oval-shaped pore at the
distal tip (Fig. 8). A viscous exudate sometimes covers
this external pore. Counts of these sensilla are lower
on the two most proximal flagellar subsegments. Male
antennae have significantly more of these sensilla
when compared with females (P < 0.05; t-test) on
every flagellomere except the tip (Table 1).

In section, these sensilla have a thick nonperforated
wall (0.5-1 wm) and two non-branching sensory neu-
rons, the dendrites of which extend up to the pore
opening at the tip (Figs. 9 and 10). The lumen seems
to be subdivided into two canals, each one being
completely filled with a dendrite (Fig. 10).

Multiporous (Olfactory Chemoreceptor) Sensilla.
For both sexes numbers of multiporous sensilla (per
flagellomere) increased toward the distal tip of the
antenna. There are three types of single-walled mul-
tiporous sensilla on the beetle antenna.

Sensilla Basiconica (Type I). These sensilla are the
least abundant of all sensilla types seen on the antenna.
These sensilla are smooth-sided pegs ~12-16 um in

10pm I

Fig. 4. Scanning electron micrograph of sensilla chaetica
(SC) on the eighth flagellomere of a male A. planipennis an-
tenna.
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Fig. 5. Transmission electron micrograph of sensilla
chaetica in A. planipennis male. Cross section cut ~5-10 pum
from the tip, shows ridged outer wall (RD) and a sensilla lumen
(SL) free of dendritic material (magnification, 31,500X).

length and 1.5-2 wm in diameter, with no distinct
socket at their base (Fig. 11). Between 1-15 of these
sensilla are located within the distal “pit” of the out-
ermost eight flagellomeres. They are situated along
the edge of the numerous “fields” of uniporous sensilla
(Fig. 7). Numbers per segment generally increase
toward the distal tip of the antenna for both male and
female A. planipennis, with numbers being similar for
both sexes (Table 1).

In section, ~1-2 um beneath the hair shaft, there
seem to be five sensory neurons encased in a dendritic
sheath (Fig. 12). Up to 14 dendritic branches were ob-
served in sections cut nearer the tip of a sensillum. Some

Fig. 6. Transmission electron micrograph showing a trans-
verse section just below the base of a typical sensilla chaetica of
A. planipennis. Note how the tubular body (TB) interacts with
the base of the sensilla wall (SW). No dendrites are seen within
the sensilla lumen (SL) (magnification, 25,000X).
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Fig. 7. Scanning electron micrograph showing the apical
depression on the 10th flagellar segment of male A. planipen-
nis. These apical depressions are located on the most distal
eight flagellomeres. Each one contains a sensory field com-
posed mainly of uniporous sensilla (U) with a few sensilla
basiconica type I (B1) situated around the perimeter.

dendrites became swollen and seemed to fuse with each
other, higher up toward the sensillum tip (Figs. 13 and
14). These sensilla have a thick perforated cuticular wall
(310-450 nm), although pore density seems to be less
than sensilla basiconica types IT and IIL

Sensilla Basiconica (Type II). These sensilla have a
distinct grooved surface and arise from an “eyelid”-
shaped socket (Fig. 15). A single pore opening on the
flagellar surface, separate from the main body of the
sensilla (=~0.5-1 um in diameter), is often observed at
one side of the socket base. The sensilla measure ~18
pm in length and have basal diameters ranging from
2.3 to 2.4 um. These grooved sensilla terminate in a
smooth but blunt ending, papillae-like tip. They are
located among sensilla basiconica (type III) on the
raised edge of the most distal eight flagellomeres of
male and female A. planipennis (Figs. 3 and 16).

Fig. 8. Scanning electron microscope image of three
uniporous sensilla on the eighth flagellomere of male A.
planipennis. White arrowheads indicate single oval pores at
the tips.
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Fig. 9. Transmission electron micrograph of A. planipen-
nis showing a transverse section of a uniporous sensillum cut
in the vicinity of the ciliary constriction. Black arrows indi-
cate two sensory dendrites. The ciliary regions seem to have
a typical 9 by 2 by 0 arrangement (Zacharuk 1980) (magni-
fication, 16,000X).

Counts on both male and female antennae (Table 1)
were not significantly different (P > 0.05; i-test).

At the base of the sensilla, the cellular components
are made up of three sensory neurons, encased in a
dendritic sheath (Fig. 17). These dendrites then form

B 500nm

Fig. 10. Transmission electron micrograph of A. pla-
nipennis showing a subapical transverse section of a
uniporous sensillum. The lumen is split into two canals each
containing a dendrite (D). The thick sensilla wall (SW) is
nonporous (magnification, 12,500X).
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Fig. 11. Scanning electron micrograph of A. planipennis
showing sensilla basiconica type I (Bl) and a uniporous
sensilla (U) along the perimeter of an apical depression
(male, 10th flagellar segment).

up to 35 multiple branches (each containing varying
numbers of microtubules), which run up the remain-
ing length of the sensilla (Fig. 18). The cuticular wall
is 60-80 nm in thickness and perforated by numerous
pores (Fig. 18).

Sensilla Basiconica (Type III). These sensilla are
similar to sensilla basiconica type II in size (=15 wm
inlength, 2.3-2.4 um in diameter at the base), number,
and location. When observed under the scanning elec-
tron microscope, they seem to lack the noticeable
grooved surface of sensilla type II (Figs. 16 and 19).
These sensilla have a fairly smooth surface and, like
the type II sensilla, arise from an “eyelid’-shaped
socket associated with a pore opening at the base (Fig.
19). Numbers were similar on both male and female A.
planipennis, although significantly more sensilla (P <

Fig. 12. Transmission electron micrograph of A. pla-
nipennis showing a transverse section of a sensilla basiconica
(type 1). Five proximally cut dendrites (D1-D5) are sur-
rounded by a cuticular dendritic sheath (DS) (magnification,
25,000).
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Fig. 13. Transmission electron micrograph showing a
transverse, proximally cut section of a sensilla basiconica type
I. Note the multiple dendritic branching (D) within the
sensilla lumen (SL). One dendrite seems to have become
swollen (SD) midway up the length of the sensilla. Wide pore
canals (PC) are clearly seen beneath each pore opening (P),
although pore tubules are not distinguishable in section
(magnification, 25,000X).

0.05; t-test) were counted on the 4th and 8th most
proximal flagellomeres of male antennae (Table 1).
At the base of the sensilla, the cellular components
are made up of three sensory neurons, encased in a
dendritic sheath (Fig. 20). Dendritic branching did
occur once the dendrites entered the hair shaft of a

Fig. 14. Transmission electron micrograph showing a
transverse, distally cut section of a sensilla basiconica type L
The branching dendrites (D) seem to fuse into one another
near the sensilla tip. Pores (P) are still evident, but pore
canals (PC) seem to get thinner nearer the distal tip of the
sensilla (magnification, 20,000X).
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Fig. 15. Scanning electron micrograph of sensilla basi-
conica type II (B2) on the eighth flagellomere of a male A.
planipennis antenna.

sensillum but to a lesser degree than the sensilla ba-
siconica type II (between five and 13 branches).
Branched dendrites contained varying numbers of mi-
crotubules. In all distally cut sections examined (sec-
tioned ~4-5 um from the tip), one dendrite was seen
to swell and fill most of the lumen space (Fig. 21). The
cuticular wall is 90-110 nm thick and perforated by
numerous pores (Fig. 21).

Discussion

There is no obvious sexual dimorphism with respect
to sensilla type or their distribution for A. planipennis.
The only difference between the sexes is that males
seem to have noticeably more uniporous gustatory/
taste sensilla than females. This suggests that short
range, contact cues are important for mate recogni-
tion, particularly by males. A contact chemical cue has
been suggested in field assays by Lelito et al. (2007)
because male A. planipennis spent significantly more
time attempting to copulate with dead females than
males or solvent-washed females. Lelito et al. (2007)
also reported that A. planipennis seem to use contact
cues for male-male repellency, because males that
landed on unwashed males spent less time on them
than other treatments. For other buprestids, mate lo-
cation has been shown to be facilitated by host selec-
tion, followed by visual, tactile, and possibly auditory
cues rather than using pheromones over any distance
(Carlson and Knight 1969, Gwynne and Rentz 1983).

Flagellar pits or depressions (also referred to as
fossae) containing fields of sensilla are common
among buprestid species and have been used for the
systematics and classification of the group (Bellamy
1985; Volkovitsh 1990, 2001). A detailed evaluation of
the taxonomic value of buprestid antennal structures,
examining 412 species from 316 genera of all the sub-
families of Buprestidae and six genera of other Elat-
eriformia (using scanning electron microscopy) was
done by Volkovitsh (2001). The morphology of A.
planipennis is in agreement with the study by Volko-
vitsh (2001), in that buprestid species with serrate-
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Fig. 16. Scanning electron micrograph of A. planipennis showing the distribution of sensilla basiconica type II (B2) and
type III (B3) on the distal tip of a flagellomere (male, eighth).

truncate or elongated rectangular antennomeres bear ~ Volkovitsh (2001) uniporous sensilla and several types
apical pits or cavities that contain extensive sensillary  of sensilla basiconica seem to be the dominant sensory
fields. Throughout the numerous examples shown by  apparatus. For a variety of insects, contact chemosen-
silla play an important role in accepting or rejecting
food, or an oviposition substrate (Stidler 1984). Be-

Fig. 18. Transmission electron micrograph of A. pla-

Fig.17. Transmission electron micrograph of A. planipennis  nipennis showing a transverse, distally cut section of a sensilla

showing a transverse section of a sensilla basiconica (type II).  basiconica type II. The lumen is completely filled with

Three proximally cut dendrites (D1-D3) are surrounded by a  branched dendrites (D). Numerous pores (P) can be seen in
cuticular dendritic sheath (DS) (magnification, 25,000X). section (magnification, 31,500%).
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Fig. 19. Scanning electron micrograph of A. planipennis
sensilla basiconica type III (B3) on the eighth flagellomere
of a male antenna. White arrowheads indicate single pore
opening at the socket base.

cause A. planipennis females also possess uniporous
sensilla fields, their role in host location/recognition
should not be discounted. The uniporous sensilla of A.
planipennis possess the characteristics of “gustatory”
or “contact chemoreceptors” as defined by Altner and
Prillinger (1980), Chapman (2003), and Zacharuk
(1980) in that there are a small number of sensory
neurons inside a cuticular cone of cuticle, which ter-
minate in a single pore at the tip. Stimulating chem-
icals reach the dendrites through this terminal pore
during contact (Chapman 2003). Basal neurons that
terminate in a tubular body are associated with me-
chanical rather than chemical stimuli (Keil and Stein-
brecht 1984) and are a main characteristic of mech-
anoreceptors (as seen in our sections of A. planipennis

Fig. 20. Transmission electron micrograph of A. pla-
nipennis showing a transverse section of a sensilla basiconica
(type III) cut just below the base of the sensilla. Three
proximally cut dendrites (D1-D3) are surrounded by a cu-
ticular dendritic sheath (DS) (magnification, 31500X).
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Fig. 21. Transmission electron micrograph of A. pla-
nipennis showing a transverse section cut ~2-3 wm from the
tip of a sensilla basiconica type III. Note the limited dendritic
branching (D) with one dendrite becoming swollen so much
that it fills most of the sensilla lumen (SL). Numerous pores
(P) are present within the cuticular wall (magnification,
31,500X).

aporous sensilla). They can sometimes be associated
with uniporous sensilla (e.g., Culicoides impunctatus
Goetghebuer), thus allowing them to have a dual role
as both mechano- and chemosensilla (Blackwell et al.
1992). In our sections of uniporous gustatory/taste sen-
silla, we did not observe a tubular body interacting with
the base of each structure, so we prefer to define them
as uniporous chemosensilla rather than uniporous con-
tact-chemosensilla.

Recent electrophysiological studies have shown
that male and female A. planipennis show antennal
responses to a wide range of ash leaf and bark released
volatiles (Rodriguez-Saona et al. 2006; Crook et al.
2006, 2008). Rodriguez-Saona et al. 2006 found that
although both sexes responded to the same F. mand-
shurica volatiles, males sometimes gave stronger an-
tennal gas chromatography-electroanntenographic
detection (GC-EAD) responses than females. Crook
et al. (2006, 2008) showed that male and female A.
planipennis both gave similar GC-EAD responses to
the same six bark volatiles from green ash (Fraxinus
pensylvanica Marsh.). Lures based on these ash vola-
tiles have enhanced trap catch of adult males and
females in the field (Crook et al. 2006, 2008; Poland
and McCullough 2006a,b). The physiology of the three
multiporous sensilla found on A. planipennis have
characteristics typical of sensilla that respond to ol-
factory stimuli (Altner and Prillinger 1980). We there-
fore hypothesize that the three types of multiporous
sensilla (sensilla basiconica L, IT, and IIT), are the main
olfactory apparatus for detecting host tree volatiles for
both male and female A. planipennis.



November 2008

Acknowledgments

We are grateful to Ivich Fraser and the staff at the USDA
APHIS PPQ lab in Brighton, ML for supplying insect material.
We also acknowledge Greg Zolnerowich (Kansas State Uni-
versity) who provided us with an Auto-montage (digital
imaging software, Syncroscopy, Frederick, MD) image of a
beetle head (Fig. 1). We thank Juli Gould, Phil Lewis, Joe
Francese, Kenneth Bloem (USDA APHIS PPQ, Otis ANGB,
MA and NC) and Therese Poland (USDA Forest Service,
East Lansing, MI) for reviewing an earlier draft of the manu-
script. This research was funded by the APHIS PPQ Emerald
Ash Borer program.

References Cited

Altner, H., and L. Prillinger. 1980. Ultrastructure of inver-
tebrate chemo-, thermo-, and hygroreceptors and its
functional significance. Int. Rev. Cytol. 67: 69-139.

Bellamy, C. L. 1985. A catalogue of the higher taxa of the
family Buprestidae (Coleoptera). Navors. Nas. Mus. Blo-
emfontein 4: 405-472.

Blackwell, A., A. J. Mordue (Luntz), and W. Mordue. 1992.
Morphology of the antennae of two species of biting midge:
Culicoides impunctatus (Goetghebuer) and Culicoides nu-
beculosus (Meigen) (Diptera, Ceratopogonidae). J. Mor-
phol. 213: 85-103.

Carlson, R. W., and F. B. Knight. 1969. Biology, taxonomy,
and evolution of four sympatric Agrilus beetles (Co-
leoptera: Buprestidae). Contrib. Am. Entomol. Inst. 4:
1-105.

Chapman, R. F. 2003. Contact chemoreception in feeding
by phytophageous insects. Annu. Rev. Entomol. 48: 455—
484,

Chinese Academy of Science, Institute of Zoology. 1986.
Agrilus marcopoli Obenberger. p. 445 in Agriculture in-
sects of China (part 1), Editorial Committee [eds.].
China Agriculture Press, Beijing, China.

Crook, D.J., L. Fraser, J. A. Francese, and V. C. Mastro. 2006.
Chemical ecology of the emerald ash borer Agrilus pla-
nipennis Fairmaire (Coleoptera: Buprestidae), in relation
to tree volatiles, p. 63. In V. C. Mastro, R. Reardon, and G.
Parra [eds.|, Emerald ash borer research and technology
development meeting. U.S. Department of Agriculture
Forest Health Technology Enterprise Team, 26-27 Sep-
tember 2005, Pittsburgh, PA. USDA Forest Service, Mor-
gantown, WV,

Crook, D. J., A. Khrimian, J. A. Francese, L. Fraser, T. M.
Poland, and V. C. Mastro. 2008. Development of a host
based semiochemical lure for trapping emerald ash borer
Agrilus planipennis (Coleoptera: Buprestidae). Environ.
Entomol. 37: 356-365.

Gwynne, D. T., and D.C.F. Rentz. 1983. Beetles on the bot-
tle: male buprestids mistake stubbies for females (Co-
leoptera). J. Aust. Entomol. Soc. 23: 79-80.

Haack, R. A., E. Jendek, H. Liu, K. R. Marchant, T. R. Petrice,
T. M. Poland, and H. Ye. 2002. The emerald ash borer: a
new exotic pest in North America. Newsl. Mich. Entomol.
Soc 47: 1-5.

CROOK ET AL.: ANTENNAL SENSILLA IN EMERALD ASH BORER

1111

Keil, T. A., and R. A. Steinbrecht. 1984. Mechanoreceptive
and olfactory sensilla in insects, pp. 477-516. In R. C. King
and H Akai [eds.]|, Insect ultrastructure, vol. 2. Plenum,
New York.

Lelito, J. P, L. Fraser, V. C. Mastro, J. H. Tumlinson, K.
Boroczky, and T. C. Baker. 2007. Visually mediated
‘Paratrooper Copulations’ in the mating behavior of Agri-
lus planipennis (Coleoptera: Buprestidae), a highly de-
structive invasive pest of North American ash trees. J. In-
sect Behav. 20: 537-552.

Otis, G. W, M. E. Youngs, and G. Umphrey. 2005. Effects of
colored objects and purple background on emerald ash
borer trapping, pp. 31-32. In V. C. Mastro and R Reardon
|eds.|, Emerald ash borer research and technology de-
velopment meeting. U.S. Department of Agriculture For-
est Health Technology Enterprise Team. 5-6 October
2004, Romulus, MI. USDA Forest Service, Morgantown,
WV.

Poland, T. M., and D. G. McCullough. 2006a. Emerald ash
borer: invasion of the urban forest and the threat to North
America’s ash resource. J. For. 104. 3: 118-124.

Poland, T. M., and D. G. McCullough. 2006b. 2007. Evalu-
ation of a multicomponent trap for emerald ash borer
incorporating color, silhouette, height, texture, and ash
leaf and bark volatiles, pp. 74-76. In V. C. Mastro, D.
Lance, R. Reardon, and G. Parra [eds.|, Emerald ash
borer research and technology development meeting.
U.S. Department of Agriculture Forest Health Technol-
ogy Enterprise Team. 29 October 29 —2 November 2006,
Cincinnati, OH. USDA Forest Service, Morgantown, WV.

Rodriguez-Saona, C., T. M. Poland, J. R. Miller, L. L. Stel-
inski, G. G. Grant, P. De Groot, L. Buchan, and L. Mac-
donald. 2006. Behavioral and electrophysiological re-
sponses of the emerald ash borer, Agrilus planipennis, to
induced volatiles of Manchurian ash, Fraxinus mandshu-
rica. Chemoecology 16:75-86.

Stidler, E. 1984. Contact chemoreception, pp. 33-35. In
W. J. Bell and R. T. Cardé, Chemical ecology of insects.
Chapman & Hall, London, United Kingdom.

Volkovitsh, M. G. 1990. Stroenie I taksonomicheskoe
znachenie antennal'nykh sensill i sensornykh obrazovanii
zlatok (Coleoptera, Buprestidae), pp. 27-30. In G. S. Med-
vedev and B. A. Korotyaev |eds. |, Uspekhi entomologii v
SSSR: zhestkokrylye nasekomye. Materialy X s"ezda Vse-
sojuznogo Entomologicheskogo Obshchestva, 11-15
sentyabrya 1989 g., Leningrad, Russia.

Volkovitsh, M. G. 2001. The comparative morphology of
antennal structures in Buprestidae (Coleoptera): evolu-
tionary trends, taxonomic and phylogenetic implications.
Part 1. Acta Mus. Moraviae, Sci. Biol (Brno) 86: 43-169.

Yu, C. M. 1992. Agrilus marcopoli Obenberger (Coleoptera:
Buprestidae), pp. 400-401. In G. R. Xiao [eds.|, Forest
insects of China, 2nd ed. China Forestry Publishing
House, Beijing, China.

Zacharuk, R. Y. 1980. Ultrastructure and function of insect
chemosensilla. Annu. Rev. Entomol. 25: 27-47.

Received 14 April 2008; accepted 8 August 2008.




